KNOWLEDGE of the position of the abdominal organs is important in cardiac diagnosis. Thus a mirror-image dextrocardia is usually observed in a patient with complete situs inversus; this condition more frequently occurs in an otherwise normal individual than in one with a malformed heart. By contrast, when dextrocardia occurs without situs inversus, malformation of the heart is the rule. When the heart occupies its normal position but situs inversus of the viscera is present, the heart is almost always seriously malformed.
Partial situs inversus is now known to be relatively common in patients with dextrocardia and severe multiple intracardiac defects and is occasionally seen in patients with levocardia. The term "visceral heterotaxy"1 has been used to denote partial situs inversus with a midline cecum or a symmetrical liver and is common in association with asplenia.2 Asplenia, although rare, is usually associated with severe cardiac malformations. Accurate localization of the liver may be difficult, especially if its lobulation is unusual or its contour symmetrical. Although the spleen when present uniformly lies on the same side as the stomach, the diagnosis of asplenia is uncertain. An ancillary method for the demonstration of the position of the liver and spleen appeared desirable.
Radioisotope scanning of the liver was first described by Friedell et al. 3 The basic principle of this method is the visualization of the liver by determining the spatial distribution of an intravenously injected radioisotope that is selectively taken up by the liver. The areas of maximal radioactivity are recorded as dark areas on x-ray film. By superimposition of the scanning image on a roentgenogram of the abdomen made with the patient lying in the same position on the scanning table, the size, shape, and position of the liver can be determined. The substances used for liver scanning have included rose bengal, a dye labeled with radioactive iodine, or a colloidal suspension of radioactive gold.4
Radioisotope scanning of the spleen with chromium-tagged, heated red cells was first described by Wagner et al.5 They showed that in patients who had undergone splenectomy or who had splenic atrophy due to longstanding sickle-cell anemia, the labeled red cells were taken up by the liver instead of the spleen. It was therefore hoped that spleen scan might be of value in the detection of asplenia.
The value of scanning was brought to our attention by the folliowing case. A newborn infant, C.F., no. 990425, was seen at The Johns Hopkins Hospital in 1961. X-ray and fluoroscopy revealed a large nonpulsatile shadow in the region of the left precordium. Angiocardiography showed the heart pushed upwards and to the right ( fig. la ). Radioisotope scanning of the liver showed that the left lobe of the liver had herniated upwards through the foramen of Morgagni and had caused the cardiac displacement (fig. lb).
It was therefore decided as part of a continuing study on dextrocardia6 -to evaluate the technic by undertaking liver and spleen scanning in a small series of patients with ab- Materikal ail(l Methlols A selt ks of 10 patients xx as studiel, fix e xxritli dextrocardia anid five, xvith lex ocardia anl situis imnveirsnis. There xxwere fouir males anid six female(s aild the age tlistr il)uitioli taniiigel from 2 molitlhs to 24x ears (table 1) .
Dextrocardi,a xxas saidl to he prteseiit xx hen the heart lay in the iligit hemitlhorax antcd the cardiae apex poinited to the righit. Sinice the air-rangeimenit of the xventridles xvas niot anialvzedl il this stxicdv, such ter-ms as dextrovxersion anti (lextrorotatioiI are n-ot uised(. Five patients hlad dextrocardia, txxso with sittis inxersus aln thlree xith niormail position of the x iseera.
Situis imversuis xvas insidered to l)e present xxlhen thie stomach lax oni th-ie riglit sile. Thle positionl of the stomatcll xvas determlned in all patitCsi hv a barium sxx\7dollo\\y auli x\xis confirmed by the xater test in all except case 8. This latter test conlsists of pere'I.ussillg for} stomaelh tx mpalnl,Iy C and thieni auIscultatillg for xxvater guilglillg after the patienit drlinllks a glasis of xxater. TIhle stomrach 1hay oni the -iglht in txso of the five p?1tientsx; ithi (lcxtrocardia and in all five of those xxith sitiis inxversus anid levocardial.
Scanniiing of the liver was cairied out by the intravenous injection of 10 to 100 me of silvercoated colloidal gold (Au ,'9). The shape, size, and lobulation of the liver vere identified by the area, of maximal radioactivity on the scan. On a no;nIall SCUln the l iglit lobe of the lixle llnot only, appears larger thi the left hlit also Contains a The apparatus used is shown schematically in figure 2. Liver scan was performed on five patients (table 1) .
Scanning of the spleen was performed in a total of eight patients. In seven, the patient's own red cells were withdrawn, labeled with radioactive chromium (Cr51), heated at 50 C for 1 hour, and then reinjected intravenously.5 Normally the red cells are sequestered by the spleen within 60 minutes and the spleen is delineated as an area of maximal radioactivity on the film. Superimposition of this film on a flat plate of the abdomen permits localization of splenic position. In one patient the red cells were labeled with Cr51, damaged with N-ethyl malleimide, and reinjected intravenously without heating.
Results
The 10 patients included three with dextrocardia without situs inversus, two with dextrocardia and situs inversus, and five with situs inversus and levocardia.
Dextrocardia without Situs Inversus
All three patients in this group were cyanotic and had complex cardiac malformations.
Scanning of both liver and spleen was performed in case 1, liver scan only in case 2, and spleen scan in case 3 (table 1) .
Case 1, a 10-year-old cyanotic white girl, was found on physical examination to have dextrocardia with some cardiac enlargement. X-ray, barium swallow and water test showed the stomach on the left. The liver lay on the right side both clinically and by x-ray. This was confirmed by the liver scan ( fig. 3a ), which showed the major portion of the radioactivity on the right although the left lobe was also slightly enlarged. A spleen scan ( fig. 3b ) was performed the following day with chromium-labeled, heated red cells. An area of radioactivity in the left hypochondrium was compatible with a normal-sized spleen in the left upper quadrant of the abdomen. There was slight activity in the right hypochondrium and epigastrium attributed to persisting activity from the study performed the previous day.
This case is of particular interest in that the unusual electrocardiographic finding of "dome and dart" P waves in tlle precordial Case 3 was a severely ill, cyanotic infant Suispected of asplenia because of the association of a complex cardiac malformation with isolated (lextrocardia anid a micidlinie symmetrical liver demonstrated both cliniically and 1)v x-rav.1 HFeinz bodies were foutnid in the periplheral blood.1 1 12 The finidinigs oni spleen scanl were comnpatible vitlh asplenia and aire (liscui.ssed in detail later with the analysis of cases 8 to 10.
Dextrocardia with Situs Inversus
Botlh patients in this grotup lhad complex cyanotic cardiac malformations associated with pulmonic stenosis and transposition of the great vessels. One had only a liver scan performed and the other only a spleen scan. fig. 41 )) showed a trilobed liver, the maximtum intensity of radioactivity being on the left side. The right border of the liver did not reach the lateral abdominal wall, suiggesting that the spleen was located in this regioni; a spleeni scan, however, xvas not performed.
In ad(ditioni to single veIntricile, tran sposition1 of the great vessels, anid puilmonic steniosis, a very large atrial septal defect was present.
The systemic venous atriuim appeared to lie to the left of the midline altlhoutglh the onily suiperior vena cava demonistrated entered it from the riglht. Altlhotugh abdominal sittis inversus was present in that the stomach lay on the right and the larger lobe of the liver was on the left, it is of great interest that the liver appeared midline and symmetrical due to three lobes of approximately eqtual size. This Case 5 iuniderwent a spleen scani with Cr51labeled, heated red cells; this revealed a normal-sized spleen lying in the right hypochondrium ( fig. 5 ).
Situs Inversus with Levocardia
The five patients in this grouip all lhad major cardiac defects. Four were cyaniotic. Because of the higlh incidence of asplenia in siuelh patienits a spleen scan was performed in each of th-lis group.
A right-sided spleei xvas visuialized ini ca'ISes 6 anid 7. The spleen s.an inl case 6, an 11-yearold girl witlh ani ostiunm primuml]. detect, is illustrated in figuire 6. The spleeni., which1] is of normal size, lies in the right lhypochondlriulmi niear the stomach gas bubble. This scai xvas obtained with Cr5l-labeled, heated re(l cells. Asplenia was diagnosed in the remilaininig three patieciits in this grouip anid the (liagnosis Th}le diagiaosis of asplen ia relnains ii iproved in this patient l)nt is consi(lere(l highly probable l)ecaiuse of tlhe simnilarity of thie scaln to that ill the txvo proevd cases of asplenia. vCa.se 10 vas a slighitly cyanlotic 6-year-0(ld girl vitl a cardiace diagnosis of single atriumia ald(l congeniital heart block ill wvhom 1)oth liver ancd spleen. scanis xvrc performed. The patienit was ill clronic conigestive failuire anid the enilarged liver could be felt to exten(1 almost to the uimbilictus and appeared midiline anid symmetrical. A liver scan ( fig. 8 ) confirmed the midline liver but suiggested that it was a minltilobular rather tllail a strictly liloled structure aild that more activity wvas present oil the left tlan tlhe riglht. Txventy-fouir loturs followinig this test a spleen scain was performlell( xvitll chir-(miuim -tagged1 lleated red cells. Sliglht aec tivity seen in the left liypoel(lindiuin) xvas attril)ilte(d to persisteilce of radlioactivity ill the liver. Unlike tle othier cases of asplenia, tl e rel cells were nlot clearly takeni uip by the liver7, possibly attributable to inade(ltate heating of the red blood cells. The child died in congestive failure before the study could be repeated and no autopsy was obtained. Although the scan was thought suggestive of evolutionary and (eInl)rvoliic mailttiuritv.) in) its mi-iost extreine forimv, wteli illuistrated by cases 3 and 8, thire are asplcenia, bilateral symiimetrical liver, midline eciim, and mcalrotationi of the gilt. The heart imacly v show dextrocardia (case 3) or levocardia (case 8) but the intracardilac malformiations are very siimilar, consisting of a cor biloculare duze to a large atriovfentrieilar couiniiunis-typc of (lefect withl a singyle atrioventriceular valve. Major anomonalies of both systemic anid pulimonary ven1ous returni oectcr with sucelh lack of partitioning of the atritum and variationi in venous rettirn as to make ideiitificationi of either atriuim as "riglht" or "left," "systemiic" or "pullmoniary" m11eaninigless.' This abnornmal symmi-netry occurs in the viscera, the ven1otus systemtl, and the atriia. The arterial an0olmaly mi.ost fre(Tinently cenoumitered anid exem?plified in case 3 is ani extreme coinotrtiiacmus mi-ialforimiationi withi a lairge anterior transposed aor1ta arising fromil the venItricle witlh the trabectulated initernial struictuire clharacteristic of the riglht venitriele. The pulmiioniar y artery is a thlin fibrous atretic cord arising posteriorly close to the defective v7entricular septum.", 2 The importance of asplenia is of more than academic interest, as a number of investigators Cir u/awton. Volhmc XXIK, Fhrinary 79694 .-i 38 RADIOISOTOPE SCANNING OF LIVER AND SPLEEN have stressed the disposition to infection in asplenic patients. Serious meningeal infections have been reported under the age of 10 months in such patients. Such infections are also known to occur after splenectomy. Of the 10 cases reported by Hjelt and Hakosalo,'2 only three had escaped infections. All four patients with asplenia in our series gave a history of frequent respiratory infections.
'rhe hematologic findings in peripheral blood in patients with asplenia were stressed by Willi and Gasser." They consider Heinz bodies and Howell-Jolly bodies in erythrocytes and numerous erythroblasts in peripheral blood pathognomonic for asplenia. Heinz bodies were found in two of our cases, erythroblasts were not seen in any case.
Asplenia with pulmonary stenosis or atresia, classified as type II by Ivemark,2 may mimic tetralogy of Fallot, and death has occurred after minor surgical procedures, tonsillectomy, adenoidectomy, etc. in these cases. These have usually occurred under 1 year of age. The prognosis of asplenia is poor. In this series, three patients died at the ages of 232 months, 14 months, and 6 years, respectively, while one is alive and is 8 months old. In 31 cases reported in the literature the mortality rate was 50 per cent before the age of 3 months and 75 per cent before the age of 9 months.
Liver scanning with colloidal gold appeared adequate for delineation of the liver in the five cases in the study. No particular difficulties of interpretation were encountered. The liver was right sided in the two cases of dextrocardia without situs inversus although the left lobe was somewhat larger than normal. The liver was left sided and trilobed in case 4 with dextrocardia and situs inversus. These three cases had dextrocardia associated with transposition of the great vessels and the lobularity of the liver in each was neither normal nor a true "mirror image" of the normal, just as the hearts were not "mirror images" of the normal. These cases suggest that the more complicated types of dextrocardia may show variation in lobularity of the liver comparable to the variations seen in the evolutionary development of this organ in the anthropoid.20
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The role of scanning in the demonstration of these more subtle variations of lobularity may prove to be of great interest.
Bilaterally symmetrical livers were shown on scanning in the remaining two patients (cases 8 and 10): one has been proved and one is thought to have asplenia. Liver scanning thus seems to be of value in confirming the bilateral symmetry of the liver as a sign of asplenia.'0 Pitfalls in interpretation may occur in the presence of marked hepatic insufficiency when the parenchymal and reticuloendothelial cells of the liver may fail to concentrate the radioactivity normally. This difficulty was, however, not encountered in the present series.
Spleen scanning was considered satisfactory in seven of the eight cases. A normal left-sided spleen was clearly visualized in case 1: technically better delineation probably would have been obtained had there been a longer time interval between liver and spleen scans. A right-sided spleen of normal size was visualized in cases 5, 6, and 7. In the two proved cases of asplenia (cases 3 and 8) the spleen was not visualized and the radioactive red cells were taken up by the bilaterally symmetrical liver. In one probable case (case 9) similar findings were observed. The accumulation of labeled red cells in the liver in these cases is similar to that described in patients in whom normal splenic tissue is absent due to surgery or atrophy.5 In case 10 the spleen was not visualized and the red cells were not clearly sequestered by the liver. Although asplenia would appear probable, the study was considered inconclusive. The technic thus appears useful in the localization of the spleen and in confirmation of the diagnosis of asplenia.
Pitfalls in this test may occur if the red cells are heated for too long a time; if this occurs they may be taken up by the liver and an erroneous diagnosis of asplenia made.
Radiation dosage by the above technics is small. The dose to the liver from colloidal gold (Aul98) is 4 rads, to the spleen from Cr51labeled red cells 4.7 rads. More recently the use of I131-labeled, aggregated human serum albumin rather than colloidal gold for liver SHAH ET AL.
scanning has reduced the radiation dose to the liver by a factor of 100 to 200. The total body radiation from these procedures is 0.05 rad, which is less than many routine radiologic studies. No complications or untoward effects were ob)served in the present small series.
Summary and Conclusions
Radioisotope scanning of the liver and spleen was undertaken in 10 patients: five had dextrocardia and five situs inversus with levocardia. All had complicated cardiac malformations.
A liver scan with colloidal gold was performed in two patients and in association with a spleen scan in three. The liver was right sided in two patients with dextrocardia without situs inversus and both left sided and trilobed in one with dextrocardia, situs inversus, and a severely malformed heart. In 2 patients with splenic agenesis the liver appeared bilobed and symmetrical.
A splenic scan was performed in eight patients, with their own chromium-tagged, heated red cells in seven and N-ethyl malleimidedamaged red cells in one. A normal left-sided spleen was demonstrated in one patient without situs inversus; in three with situs inversus the spleen was right sided and of normal size. In two proved and one probable case of congenital asplenia no spleen was visualized, and the tagged red cells were sequestered by the liver: these findings are similar to those in absent spleen from other causes except that in congenital asplenia the liver is bilaterally symmetrical. In one case of possible asplenia the scan was inconclusive. The technic appears of value in demonstrating unusual variations of lobularity of the liver and in demonstrating the presence or absence of the spleen.
Scientific Methodology
The theory of relativity is a fine example of the fundamental character of the modern development of theoretical science. The hypotheses with which it starts become steadily more abstract and remote from experience. On the other hand it gets nearer to the grand aim of all science, which is to cover the greatest possible number of empirical facts by logical deduction from the smallest possible number of hypotheses or axioms. Meanwhile the train of thought leading from the axioms to the empirical facts or verifiable consequences gets steadily longer and more subtle. The theoretical scientist is compelled in an increasing degree to be guided by purely mathematical, formal considerations in his search for a theory, because the physical experience of the experimenter cannot lift him into the regions of highest abstraction. The predominantly inductive methods appropriate to the youth of science are giving place to tentative deduction. Such a theoretical structure needs to be very thoroughly elaborated before it can lead to conclusions which can be compared with experience. Here too the observed fact is undoubtedly the supreme arbiter; but it cannot pronounce sentence until the wide chasm separating the axioms from their verifiable consequences has been bridged by much intense, hard thinking. The theorist has to set about this Herculean task in the clear consciousness that his efforts may only be destined to deal t-he death blow to his theory. The theorist who undertakes such a labor should not be carped at as "fanciful"; on the contrary, he should be encouraged to give free reign to his fancy, for there is no other way to the goal. His is no idle daydreaming, but a search for the logically simplest possibilities and their consequences.-ALBERT EINSTEIN. Essays in Science. New York, Philosophical Library, Inc., 1934, p. 69.
